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material enabling it to concentrate light and heat upon 
an underlying zone, thereby brought up to the terrestrial 
standard of comfortable accommodation for living beings, 
appeared then scarcely more extravagant than any other 
supposition regarding a structure of which the existence, 
antecedently to proof, might well have been thought 
incredible. Fine distinctions of probability vanished in 
the presence of so astounding a specimen of celestial 
workmanship. 

An imperfect anticipation of “ this kind of Saturn was 
hatched” (it is curious to learn) early in 1658, at White- 
Waltham, in Berkshire, by the combined exertions of Sir 
Christopher Wren and Sir Paul Neile. An elliptical 

corona” was fitted to the planetary globe, meeting it at 
two places, and rotating with it once in its period of 
revolution round the sun, on an axis coinciding with the 
plane of that revolution. Thus, after a fashion, the ob¬ 
served phases were accounted for ; but the superiority of 
the Huygenian rationale , divulged in the following year, 
was perceived by none more clearly than by Wren 
himself; and he wisely allowed his own abortive attempt 
to sink into quasi-oblivion. The paper embodying it is 
now printed in full (p. 419), accompanied by drawings testi¬ 
fying very creditably to the skill of early English opticians. 

Huygens was the first to make definite observations of 
the markings on Mars. Some of his drawings have even 
proved available in the most recent determination of the 
planet’s rotation, roughly estimated by him, from his 
views of the Kaiser Sea, November 28 and 30, and 
December 1, 1659, to occur in a period of twenty-four 
hours. The desire to confirm a discovery which would 
have been the earliest of its kind quickened his zeal 
for the further improvement of telescopes. The main 
obstacle lay, he thought, in the defective quality of the 
glass then fabricated. And the best, which was procured 
from Venice, was certainly bad, judging from the collection 
of Huygenian lenses preserved at Leyden (Kaiser, Astr. 
Nach., No. 592). Nor did his tubeless telescopes, when ac¬ 
tually brought into operation, realize all that was expected 
from them. Concurrent evils outweighed their theoretical 
superiority. The disk of Mars was, however, measured 
by Huygens with remarkable accuracy on December 25, 
! 6 S 9 ) by means of a metal slip, of graduated width, 
inserted at the telescopic focus. This was the first Con¬ 
tinental example of the use of a micrometer. 

An amusing glimpse behind the scenes of pseudo¬ 
scientific life in the seventeenth century is afforded by 
some communications included in the present volume 
relative to the horoscope of one of the Princesses of 
Orange. Huygens was the intermediary; Boullaud the 
prophet, whose dignity as an interpreter of mystic influ¬ 
ences contrasts ludicrously with his childish petition for 
an “ Indian jewel ” as the guerdon of his services. On 
both sides, too, there is evidence of failing faith. 
Huygens, apprehensive of a fiasco if the enjoined secrecy 
were observed as to the name and quality of the lady, 
imparted them, under the rose, to an astrologer who had 
at least the merit of choosing a low level for his preten¬ 
sions. He made no claim to the divination of particular 
circumstances. “ Temperaments ” only, in his opinion, 
were rained down, according to the rules of science, from 
the skies; and temperaments are vague entities, in¬ 
tangible, undefinable, defiant of positive affirmations or 
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denials ; to say nothing of the saving possibility of their 
lying latent for any convenient length of time. The horo¬ 
scope of Albertina Agnes, Princess of Nassau, was, then, 
at any rate safe from confutation by facts. 

In the spring of 1661, Huygens visited London. He 
was, however, far from sharing his brother Ludovic’s en¬ 
thusiasm for the city by the Thames. The smell of smoke 
there he found “insupportable,” and concluded to be in¬ 
salubrious ; mean architecture, narrow and ill-paved 
streets, unstable dwelling-houses, shabby public gardens, 
constituted the chief part of his impressions. The lower 
orders struck him as melancholy', the upper classes as 
naturally unsocial, their affability to strangers notwith¬ 
standing, the women as deficient in conversational charm, 
and falling a long way behind their French sisters in 
sprightliness; and he echoed the hope that an advance 
in refinement of manners would ensue upon the re-estab- 
Iishment of the Court. He was presented at Windsor to 
the King, whom he found somewhat curt and pre-occu- 
pied ; but he left it to Pepys to chronicle the “ brave 
sight” of the coronation in Westminster Abbey on May 
3, choosing for his own share the competing celestial 
spectacle of Mercury’s transit across the sun. It was the 
first phenomenon of the kind which had been at all 
generally observed, and Huy'gens watched its progress 
from Long Acre with one of Reeves’s excellent telescopes. 
Some of his own were set up in the garden behind White¬ 
hall, and occasionally served to display Saturnian 
marvels to the gaze of the Duke and Duchess of York. 
The method of their fabrication was a secret until 
Huygens gratified the Royal Society with its disclosure ; 
and he was, on the other hand, deeply interested in the 
experiments on vacua exhibited before him at Gresham 
College. The hospitality and politeness, indeed, with 
which he was received both in public and private, did not 
fail to win his acknowledgments ; nor could he remain 
insensible to the high capacity of many of his learned 
entertainers, “most of whom,” he added, “had travelled 
in France and elsewhere.” Unmistakably, he had by this 
time fallen under the spell of our neighbours’ subtle 
charm. French had become a second native language to 
him, and, although he acquired enough English to make 
himself understood when occasion required, he did not 
prosecute the study very zealously'. Nor was it neces¬ 
sary. His correspondence with Sir Robert Moray, 
Boyle, and Oldenburg, was carried on in French 
Wallis used Latin by preference ; Boyle’s new tracts were 
promptly conveyed into French or Latin. Even his 
Dutch vernacular was in a measure discarded by the 
astronomer of the Hague in favour of more cosmopolitan 
tongues. Insensibly' and inevitably he had grown beyond 
the range of a single country. He belonged henceforth 
primarily to Europe ; only secondarily, and by a tie which 
was soon to be still further loosened, to Holland. 

A. M. Clerke. 


FORCE AND DETERMINISM. 

The Philosophical Basis of Evolution. By' James Croll, 
LL.D., F.R.S. (London : Edward Stanford, 1891.) 
GAIN and again is the physicist, in the course of his 
researches, brought face to face with philosophical 
questions. It then depends upon the bent and bias of 
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his mind whether he is content to leave these questions 
as he finds them, or is impelled to adapt them to some 
more or less plausible metaphysical solution. Dr. Croll, 
whose death we have so recently had occasion to lament, 
made his mark by a skilful application of physical reason¬ 
ing to sundry difficult problems connected with climate 
and time. It need hardly be said that the whole tendency 
of his thought and work was in support of the doctrine of 
evolution in its widest sense. In the volume before us 
he discusses, after forty years of meditation, the funda¬ 
mental principles which underlie this doctrine. 

At the outset, Dr. Croll draws and emphasizes what he 
terms “ the radical and essential distinction between force 
and the determination of force.” The production of 
motion, he says, is one thing ; the determination of its 
direction, another and perfectly distinct thing. When a 
molecule is to be moved, there is an infinite number of 
directions in which force may be conceived to move it. 
But, out of the infinite number of different paths, what is 
it that directs the force to select the right path? Force 
produces motion, but what determines it and gives it its 
thusness ? “ In the formation of, say, the leaf of a tree, 

no two molecules move in identically the same path. 
But each molecule must move in relation to the objective 
idea of the leaf, or no leaf would be formed. The grand 
question therefore is, What is it that selects from among 
the infinite number of possible directions the proper one 
in relation to this idea ? ” 

Dr. Croll states in his preface that his volume is not 
of a speculative or hypothetical nature. But we venture 
to think that, notwithstanding this disclaimer, the “ ob¬ 
jective idea ” of a leaf comes perilously near a metaphy¬ 
sical as opposed to a scientific conception. But let that 
pass. W'e venture to think, further, that physicists may 
be a little impatient with the “ radical and essential dis¬ 
tinction between force and the determination of force.” 
This, too, they may be disposed to regard as rather a 
metaphysical than a physical distinction. And this the 
more, since physicists are accused of attributing every¬ 
thing to force, and little or nothing to the far more 
important determination of force. Let us, however, 
endeavour to see what Dr. Croll’s contention really 
amounts to. And let us take the simpler case of a 
crystal of alum, instead of the more complex case of a 
leaf, involving, as this latter does, complicating elements 
such as heredity and natural selection. 

From a solution of potassium aluminium sulphate, 
octohedral crystals of alum are obtained on evaporation. 
Concerning them, Dr. Croll says, in effect : Granted that 
the molecules run into crystalline figure under the stress 
of certain forces, why this particular figure ? Force 
accounts for their motion, but what determines the direc¬ 
tion of motion so as to give rise to this particular form 
and not a scalenohedron or a rhombic pyramid ? Many 
of us are content, at this point, to confess our ignorance, 
and to say that it is a way they have ; it is part of the 
constitution of N ature as presented for our study. But 
possibly, others may descend to more recondite physical 
principles. Let us, then, for the nonce, grant that if we 
only knew the full bearings of that fundamental physical 
principle, that force is the product of mass into accelera¬ 
tion, we should find the crystalline figure of the alum in- 
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evitably contained therein. Few, if any, are likely to go 
so far. But if such there be, even of them Dr. Croll will 
still ask : What, then, has determined that force should 
be the product of mass into acceleration, rather than the 
product of mass into momentum, or an indefinite number 
of other conceivabilities ? If it be replied that such is 
the constitution of things, the answering question will 
still be, But what determined that the world should be so 
constituted ? 

It will now be seen that Dr. Croll’s question, though 
couched in new terms, is an old, old question. Nor are 
the solutions suggested other than those which have of 
old been put forward. And if Dr. Croll adopts a Theistic 
solution, he does not adduce other than the well-worn 
arguments, which it is not our province to discuss. 

Two chapters are devoted to “ Determinism in relation 
to Spencerianism,” in which Dr. Croll inquires whether a 
rational explanation of evolution can be derived from the 
persistence of force. The conclusion arrived at is that 
no such rational explanation can be deduced from this 
vaguely definite axiom ; and in this we are disposed to 
agree. With all our admiration of Mr. Herbert Spencer’s 
power as a thinker, we believe that a synthetic philo¬ 
sophy, qua synthetic, is of little, if any, practical or 
speculative value. If the synthesis leads us back to the 
universe from which our analysis started, nothing is 
gained thereby ; if it brings us to a different universe, 
we can afford to neglect it. Other chapters are devoted 
to “ Determinism in relation to Darwinism,” in which 
Dr. Croll points out that natural selection does not and 
cannot explain the origin of variations ; but this, though 
true enough, is an old story. 

Some of the ablest sections of the work, including an 
appendix of three chapters, are devoted to “ Determina¬ 
tion in relation to Free-will.” We fancy that some of 
those who may welcome Dr. Croll’s argument for Theism 
will be unwilling to accept his argument for determinism 
in the matter of human conduct. They will, however, 
find his discussion of the matter well worthy of careful 
consideration, as, indeed, are many other parts of the 
little treatise. 

In conclusion, we must state that we have felt some 
diffidence in dealing with this work of an author who has 
so recently passed beyond the reach of either praise or 
criticism. We could not, however, pass it by in silence ; 
and since we were impelled to speak, we have not hesi¬ 
tated to speak frankly ; and we trust that Dr. Croll’s 
many friends will not blame us for the course we have 
adopted. C. Ll. M. 


NATURAL HISTORY OF THE ANIMAL 
KINGDOM . 

Natural History of the Animal Kingdom , for the Use of 
Young People, In Three Parts. With 91 Coloured 
Plates and numerous additional Illustrations in the 
Text. Adapted from the German of Prof, von Schu¬ 
bert by W. F. Kirby. (London: The Society for Pro¬ 
moting Christian Knowledge, 1889.) 

HE number of books on natural history, written for 
the purpose of attracting persons young in years 
or knowledge is truly astonishing ; in most cases they are 
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